ABSTRACT The future wireless networks promise to provide ubiquitous connectivity to a multitude of devices with diversified traffic patterns wherever and whenever needed. For the sake of boosting resilience against faults, natural disasters, and unexpected traffic, the unmanned aerial vehicle (UAV)-assisted wireless communication systems can provide a unique opportunity to cater for such demands in a timely fashion without relying on the overly engineered cellular network. However, for UAV-assisted communication, issues of capacity, coverage, and energy efficiency are considered of paramount importance. The case of non-orthogonal multiple access (NOMA) is investigated for aerial base station (BS). NOMA's viability is established by formulating the sum-rate problem constituting a function of power allocation and UAV altitude. The optimization problem is constrained to meet individual user-rates arisen by orthogonal multiple access (OMA) bringing it at par with NOMA. The relationship between energy efficiency and altitude of a UAV inspires the solution to the aforementioned problem considering two cases, namely, altitude fixed NOMA and altitude optimized NOMA. The latter allows exploiting the extra degrees of freedom of UAV-BS mobility to enhance the spectral efficiency and the energy efficiency. Hence, it saves joules in the operational cost of the UAV. Finally, a constrained coverage expansion methodology, facilitated by NOMA user rate gain is also proposed. Results are presented for various environment settings to conclude NOMA manifesting better performance in terms of sum-rate, coverage, and energy efficiency.
techniques that have been ignored in the literature also need to be addressed.
Thus, for a prolific deployment of UAV based communication systems, it is imperative to compare the performance of NOMA for UAV based communication systems to one based on OMA, in terms of optimized deployment, resource dispersal, performance, and energy efficiency. The main contributions of the paper are as follows:
1) This paper proposes a power allocation scheme to maximize the sum-rate of the communication system with reducing energy expense for the UAV. The optimization problem is formulated as a function of the altitude of the UAV-BS, constrained to meet or exceed the individual user-rates set forth by OMA for the same deployment scenario and target area. Energy models in literature are discussed and the relationship between UAV altitude and its energy efficiency is presented. 2) Furthermore, a methodology is proposed to render expansion of the aerial cell coverage, which is facilitated by NOMA user-rate gains. Average rate and coverage under constraint is used as a tool to analyze the performance of the proposed schemes. Analytical and numerical analyses are presented for the proposed schemes and performance comparisons are also provided with altitude fixed OMA and NOMA schemes. 3) Results are presented for various target regions and deployment environments i.e., rural, urban, and denseurban. Clearly, the proposed scheme achieves better sum-rate at a lower altitude which reduces the overall energy expenditure of the UAV. The findings are capable of guaranteeing more flight time and increasing bits/joule ratio. The remainder of the paper is organized as follows. Section II briefly describes the system model and the channel model. In Section III, some existing energy models are analyzed. Section IV examines the performance of OMA at the optimal altitude. Methodology to maximize NOMA performance are presented in Section V. Section VI illustrates the simulation results, and our conclusions are finally drawn in Section VII.
II. SYSTEM AND CHANNEL MODEL
In this section the system model and A2G channel model are discussed.
A. SYSTEM MODEL
Consider a quasi-stationary low altitude rotary-wing UAV-BS deployed to provide wireless coverage in a disc-shaped circular region with a radius of Rc meters, where the radius of the cell is determined by the cell-edge user. Fig. 1 represents a UAV-BS deployment scenario for two users located at points R and S, respectively, whereas the UAV-BS is hovering at altitude of H meters above the ground level, considered in the center of the target region, depicted by point P in Fig. 1 . The vertical projection of the UAV-BS is represented by Q point. The distance between point Q and each user is represented by D j . Then, the distance between the UAV-BS and each user is computed as:
The elevation angle of UAV-BS with respect to each user is defined as:
B. CHANNEL MODEL Based on widely-adopted A2G channel model in the literature [5] - [7] , [19] , the users can be classified as having either LOS link or strong Non-Line-Of-Sight (NLOS) link with UAV-BS [23] . This classification is based on probabilistic model which depends on the environmental profile mainly defined by density and height of buildings in the coverage region as well as the relative distance between the user and UAV together, which defines the elevation angle. The effect of small scale fading is ignored in this model as probability of occurrence of weak multi-paths is much less than that of having LOS link or strong NLOS link [24] . The probability of a user experiencing a LOS link with UAV-BS is expressed by [23] :
where α and β are constant values relating to the environmental profile of the coverage region such as rural, sub-urban, dense urban etc. The probability of user experiencing NLOS links is computed as:
The Pr j (LOS) is an increasing function of the elevation angle and thus increasing the altitude of the UAV creates an opportunity for the ground user to have unobstructed LOS link with the UAV-BS. As presented in Fig. 2 , the link between UAV and the ground users constitutes two distinctive scattering environments, namely low scattering and reflection close to the UAV as well as high scattering due to presence of man-made structures close to the ground users. Considering this fact, the total path loss is computed by free space path loss and excessive loss having higher value for NLOS links compared to LOS links due to excessive losses caused by reflection of the transmitted signals and shadowing which is contributed by objects obstructing the paths in the coverage region.
Thus, considering the Downlink (DL) transmission, the received power by j th user is given as [23] :
where P tx represents the transmitted power by the UAV-BS and L j indicates the path loss for A2G channel between the UAV-BS and the j th user on the ground, computed as [19] :
where η denotes the path loss exponent. LOS and NLOS represent the excessive path losses of both LOS and NLOS links owing to shadow fades, respectively. Both terms comply with normal distribution, whose mean and variance are dependent on the elevation angle and environment dependent constant values [23] . Typically, the knowledge of UAV and user location without having terrain map cannot warrant information about the type of link (LOS/NLOS) between the UAV and the user. Thus, the relationship in (5) is rewritten as
, where L j (R c , H ) defines the mean path loss considering probabilities for both LOS and NLOS UAV-user links computed as [7] :
III. ENERGY MODEL
Zorbas et al. [25] drew an explicit relationship associating the energy consumption of rotary-wing UAV with its altitude and weight. According to the suggested model, the energy consumption of UAV at any time T can be given as E T = mgH , where mg is determined by the weight of the UAV m and acceleration of gravity g as well as H represents the altitude of the UAV at time T . The relationship between the altitude of UAV and its energy consumption has also been reported and proven through experiments in [26] - [28] . However, the model presented in [25] is simplistic and falls well short of acknowledging many factors affecting the overall energy consumption such as velocity, flight maneuvers, motor and blade profiles, etc. Ueyama et al. [27] and Franco and Buttazzo [28] also presented real measured data for different postures of the UAV i.e. idling on the ground, ascending to and descending from a certain altitude, hovering, and moving in a straight flight. Based on the results, energy consumption increases dramatically to reach higher altitudes and hovering which usually consumes less energy among other maneuvers of the UAV, is also related to the hovering altitude. The total energy consumption of a UAV to reach a desired altitude H from the initial ground position and perform hovering for time t can be given as [28] :
where, P climb and P hover represent the power required by the UAV to climb and hover, respectively. Also, the velocity of ascending is denoted as ν climb and t represents the flight duration. The relationship presented in (9) can be further elaborated based on the work presented by the authors in [29] suggesting that the UAV may attain high altitude for better coverage, by contrast with fixed wing UAV. This also leads to more energy consumption. The energy consumption model given in (9) can be rewritten as [29] :
where ψ represents the minimum power needed to hover just over the ground, denotes the motor speed multiplier, P max means the maximum power of the motor. The terms ψ and depend on UAV weight and the characteristics of the motor, respectively. Energy consumption needed to lift UAV to an altitude H with velocity ν climb is P max (
). Assuming optimized velocity for a given UAV design, a reduction in the operational altitude of the UAV allows further energy savings. Specifically, let H O be the optimized altitude for the UAV given OMA (detailed in Section IV). Then, the energy consumption E O assuming OMA can be written as:
Similarly, E N defines the operational energy consumption of the UAV assuming H N as the optimized altitude given NOMA (detailed in Section V):
Hence, the following difference equation can be used to compare the energy consumption of OMA and NOMA schemes:
where
As , P max , t, and ν can be considered constant values when UAVs with similar design specifications and velocity are deployed for both cases. h > 0 implies NOMA achieving better energy savings due to lower required altitude H N .
IV. PERFORMANCE OF DOWNLINK ORTHOGONAL MULTIPLE ACCESS (OMA) AT THE OPTIMAL UAV ALTITUDE
In this section, the method of computing maximum sum-rate at the optimum UAV altitude for the proposed system model under OMA is discussed. The method assumes Time Division Multiple Access (TDMA) between two users, however, the concept can be easily extended to more number of users. This assumption brings OMA at par with NOMA for analysis purposes, considering the proposed scheme for 3GPP Long Term Evolution-Advanced (LTE-A), to group users by selecting two NOMA users within each group [30] . Later, the sum-rate and individual user-rates employing OMA are considered as bench marks and set as constraints in the study of NOMA viability of UAV-assisted communication systems. Assuming the system model, the channel between UAV-BS and the j th user on the ground is denoted by [31] , where the small-scale fading effect is ignored as the channel model between the UAV and ground users is based on probabilistic LOS and NLOS links instead of the classical fading channel [19] . The channel capacity for any user j employing OMA is given as [32] :
where γ and the constant factor 1/2 represents the transmit Signal to Noise Ratio (SNR) and equal distribution of time resource between the two users, respectively. The sum-rate is given as:
As the channel capacity is a function of the channel gains, the next step is to find the optimal altitude for a given distribution of users. As presented in [7] , assume a UAV-BS transmitting signals in the DL with a transmission power of P tx then the mean received power at the j th user can be written as:
The optimum altitude of UAV-BS, H O with the minimum required transmission power can be calculated by solving [7] :
Additionally, it is trivial to verify that the R c as a function of H is a concave function and if a local maxima exists, then the corresponding value of altitude of UAV-BS, H O becomes the global optimum. It is conceivable that for a given fixed coverage radius R c , a UAV-BS at H O provides the best possible SNR for all terrestrial users, which leads to maximized sum-rate [7] . Algorithm 1 provides the pseudo code to compute individual user-rate for OMA system. The algorithm utilizes MATLAB fminsearch function to find the optimal altitude of the UAV-BS that minimizes the path loss between the UAV and the cell-edge user. Once the optimal altitude H O has been determined, individual user-rate for OMA is computed. 
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V. PERFORMANCE OF DOWNLINK NON-ORTHOGONAL MULTIPLE ACCESS (NOMA)
In this section, the performance of the system under our considerations is maximized for the cases of capacity and coverage. An optimization problem for each case is formulated with minimum target rate, i.e. data rate achievable by OMA, being set as constraint. Three cases of the optimization are considered as follows:
1) Sum-rate maximization as a function of power allocation coefficients (Altitude fixed as in OMA) 2) Sum-rate maximization as a function of altitude of the UAV (Altitude optimized for NOMA) 3) Coverage maximization as a function of altitude of the UAV (Altitude optimized for NOMA)
A. ALTITUDE FIXED NOMA SUM-RATE MAXIMIZATION
As channel gain is a decreasing function of the distance between the transmitter and the receiver, it is evidently stated that |h s | 2 ≤ |h r | 2 for the s th and r th user selected to utilize NOMA, 1 ≤ s ≤ r. Considering DL NOMA, the channel capacity for s th and r th users are given, respectively as [32] :
and
where ω s and ω r represent the power allocation coefficients for users s and r, respectively and ω s = 1 − ω r . The necessary condition for user r to successfully remove s th user interference before the r th user can detect its own message, given by ) [33] . For NOMA that employs multiple access in the power domain, the potential gains can be achieved by allocating power to paired users based on instantaneous channel gains opposed to fixed power allocation scheme [12] , [17] , [32] , which cannot always guarantee to meet Quality-of-Service (QoS) without thoughtfully adjusting various parameters [31] , [33] . Additionally, the gains of NOMA can be weighed against OMA only if the data rates achieved by NOMA are strictly better or at least equal to data rates achievable by OMA schemes [32] , [34] . Thus, the problem of sum-rate maximization can be written as an optimization problem:
Here the first two constraints ensure that NOMA strictly guarantees better or equivalent individual rates compared to the ones achieved by OMA schemes. And the last constraint ensures the total transmitted power does not exceed the maximum allowed transmission power. Following the procedure for power allocation presented in [32] , the user with higher channel gain is assumed to be the primary user. Thus, the lower bound of the power allocation factor w r using the relationship defined by constraint 1 is given as:
Then,
where y = (1+γ |h r | 2 ) 1/2 . Similarly, solving for constraint 2 by assuming weaker channel user as the primary user, the upper bound on ω r is as follows:
where z = (1+γ |h s | 2 ) 1/2 . The upper and lower bounds for ω r can be combined by introducing two tuning coefficients µ 1 and µ 2 given as:
where µ 1 = 1 − µ 2 . Thus, constraints 1 and 2 can be met simultaneously for any value of µ i . Furthermore, these can be tuned to achieve trade-offs between sum-rate maximization and fairness among users or to meet diversified QoS requirements such as for neighborhood area networks applications in smart grid communication networks [35] . By using (18) and (19), C NOMA is given by
Equivalently,
It can be observed in (30) that ω r γ |h s | 2 < ω r γ |h r | 2 as |h s | 2 ≤ |h r | 2 , thus the sum-rate for NOMA monotonically increases with increasing ω r . Furthermore, as ω r is an increasing function of µ 2 and the maximum value of µ 2 i.e. 1, maximizes the sum-rate of NOMA.
The solution to the optimization problem defined by (20) - (23) is given by:
Algorithm 2 summarizes the methodology to maximize sum-rate for NOMA based UAV-BS through power allocation factor optimization. The method seeks to highlight the performance of NOMA by fixing altitude of the UAV to the same value acquired for OMA. The algorithm commences by determining the individual user-rate for OMA based UAV-BS, to be used as constraints by making use of fminsearch MATLAB function. Then, power allocation factor ω r is computed using (28) . Finally, the sum-rate is given by (31).
B. ALTITUDE OPTIMIZED NOMA SUM-RATE MAXIMIZATION
The maneuverability of a UAV-BS provides an extra degrees of freedom which can be utilized to achieve increased gains as compared to static BS nodes. By observing (30) , it is easy to conclude that the effect of power allocation on sum-rate can be further enhanced by adjusting the channel gains between UAV-BS and the ground users through altitude optimization of the UAV-BS. According to (30) , the sum-rate maximization is an increasing function of ω r and the channel gain between UAV-BS. The ability to manipulate the channel gain is a particular virtue of the mobile UAV-BS, which cannot be realized in case of static BS. Moreover, the NOMA exhibits the best possible performance gains over OMA when the 
return L s 16: end function channel between NOMA pair has distinctive channel conditions [33] , [34] . Two cases are considered to elaborate the effect of changing the altitude of the UAV-BS at the overall system performance: 1) Increasing altitude above the optimum altitude for OMA calculated in Section IV. In the proposed system, the constraints defined by (21) and (22) are computed by finding the optimum altitude based on minimum path loss between the cell-edge user and the UAV-BS. Increasing the altitude above this level has a negative impact on decreasing channel gains for both users. Moreover, the difference between channel gains of the ground users gradually reduces as the altitude of UAV-BS increases. The finding has been arisen by both increasing elevation angle and distance between the UAV-BS and the r th user. Thus, it is capable of reducing the overall sum-rate. 2) Decreasing the altitude below the optimum altitude for OMA calculated in Section IV. Reducing the altitude of the UAV-BS below the optimum altitude, i.e. moving the UAV-BS closer to the r th user has several benefits. More explicitly, reducing altitude improves the channel gain between the r th user and the UAV-BS due to reduced distance. Based on the channel model for the system model and observing the first term in (30) , no improvement in the sum-rate can be achieved as the cell-edge user has the optimum channel gain at the optimum altitude. On the other hand, the second term in (30) log 2 (1 + ω r γ |h r | 2 ), can bring in further improvement in the overall sum-rate by finding the optimum UAV-BS altitude for the maximum sum-rate. Simultaneously, the channel gain between the UAV-BS and the cell-edge user degrades as it deviates from the optimum altitude. This results in pairing between users with distinctive channel characteristics. More specifically, the best possible pair may be a set of two users experiencing the best and worst channels, respectively. The best channel user paired with worst channel user, which leads to reducing power being utilized to meet QoS of the user having higher channel gain and the remaining power is available to the user with lower channel gain. Note that, the altitude is one of the major factors affecting the energy efficiency of the UAV based on (10). Thus, a reduction in operating altitude of the UAV-BS results in a favorable outcome for the proposed system. As discussed, the maximum sum-rate for NOMA based UAV-BS is a function of both channel gain and power allocation, ω r to the strong channel user, where the channel gain is a function of altitude of the UAV-BS, H . The optimization problem expressed in (20)- (23) can be re-written as:
where constraints 1 and 2 set lower bound on user-rates for NOMA while constraint 3 defines the feasible range of solutions for the above-defined problem. It should be noted that a feasible solution in the context of this paper is an altitude of UAV-BS for which both constraints 1 and 2 can be simultaneously satisfied within limits of the maximum allowed transmission power. Considering the r th user as the primary user, the lower bound for ω r,H N is given as:
where ε r = 2 R OMA r,HO and G r = γ |h r,H N | 2 . Similarly, considering s th user as the primary user, the upper bound for ω r,H N is given by:
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The maximum sum-rate is achieved for µ 2 = 1, i.e.
where ω s,H N = 1−ω r,H N . The problem of finding the optimal altitude for maximizing the sum-rate is solved using interior point method [36] . Algorithm 3 illustrates pseudo code of the proposed methodology. The sum-rate is maximized as a function of altitude of the UAV-BS. Similarly, the optimum value of H O is computed using fminsearch function of MATLAB.
C. ALTITUDE OPTIMIZED NOMA COVERAGE MAXIMIZATION
The channel capacity gains of NOMA over OMA can be translated into larger footprint for the aerial cell. The basic idea is to maximize the data rate for the cell-edge user, which is then utilized to extend the coverage ability of the UAV further. It should be noted that the coverage extension is performed keeping in view the minimum performance threshold. Let defines the circular coverage area of the aerial cell. Then, the coverage maximization problem can be posed as:
where D s corresponds to the maximum distance from an aerial-cell center to the cell-edge user (Fig. 1 ) defining the radius of the aerial cell (R c ), H N defines the optimized UAV altitude assuming NOMA, and R th represents the userrate threshold. The maximization problem requires finding the maximum distance D s and the corresponding optimized UAV altitude for which the minimum rate threshold can be met. The optimization problem is solved by decoupling the problem into vertical and horizontal optimizations, which are solved iteratively [37] . Given a minimum rate threshold and the corresponding maximum coverage radius assuming OMA, the first step involves UAV altitude optimization such that the rate for the cell-edge user is maximized while meeting the rate constraints for both users. The cell-center user is allocated power which is just enough to meet the rate threshold by setting ω r,H N = ε r −1 G r in (41), whereas the cell-edge user is allocated with all of the remaining power (ω s,H N = 1 − ω r,H N ), thus achieving the desired rate maximization. The horizontal optimization is facilitated by the optimized altitude and the maximized cell-edge user rate or equivalently the surplus power to widen the coverage area of the aerial cell.
VI. SIMULATION AND RESULTS
The simulations have been performed assuming urban, suburban and dense-urban environments with η = 2 for freespace path loss. Referring to Fig. 1 , the distance of the r th user for all simulations is given as D r = 20 m, whereas the distance of s th cell-edge user, D s ∈ {60, 120, 180} m, to study the effect of increasing coverage area on the performance of the proposed system. The parameters for the considered environment are listed in table 1 (unless otherwise stated) [23] . Fig. 3 illustrates the sum-rate of two cases of NOMA for changing coverage regions at transmit SNRs of 15 dB and 25 dB. The higher sum-rate gain in comparison with OMA and altitude fixed NOMA highlights the efficacy of the proposed altitude optimization. Though the fixed altitude NOMA conforms to the set constraints. The altitude optimization creates more substantial channel gain difference for the two users manifesting the best possible pairing between two users experiencing the best and worst channels, respectively. Thus, the proposed altitude optimization generates a more conducive environment for NOMA yielding greater gains overall. At higher SNR regime, the altitude optimized NOMA is considerably better than both the altitude fixed OMA and NOMA. 4 depicts plots of energy efficiency parameter h that are compared for sub-urban, urban, and dense-urban environments against increasing SNR values. As energy consumption of the UAV-BS is an increasing function of its altitude, increasing h represents the increasing energy efficiency of NOMA compared to OMA. The higher probability of NLOS links for some users in the dense-urban environment causes larger difference between user channel gains. This results in much larger energy gain for dense-urban areas than to those for other areas, which is attributed to better NOMA gains for a user pair exhibiting the best and worst channel conditions.
The energy efficiency of the proposed scheme is further clarified by comparing UAV energy consumption between OMA and NOMA as portrayed in Fig. 5 . The energy consumption of the UAV is computed using (10) and (11), where ψ, , t, P max , and ν are set as 30, 10.5, 1200 second, 85 watt, and 2 m/s, respectively [29] . The lower required altitude to cover a given sub-urban area as compared to urban and dense-urban allows achieving higher energy efficiency. On the other hand, the lower distinction between user channels as in the case of a sub-urban environment profile generates lesser disparity between the rate constraints and corresponding power allocation between the cell-center and the cell-edge users, thus affecting the overall gain of NOMA over OMA.
Figs. 6, 7, and 8 provide a comparative analysis of the proposed solution to the optimization problem defined by (32)-(35) for urban, sub-urban, and dense-urban environments with the radius of coverage area fixed at 60 m. Fig. 6 demonstrates NOMA manifesting better performance in terms of spectral efficiency while simultaneously meeting the constraints as elaborated in Figs. 7 and 8. It can be observed in Fig. 7 that the average rate for the stronger user (r th) is always better than the rate realized by OMA as µ 2 is set unity in (40), whereas Fig. 8 shows that the weaker user (s th) achieves the same rate as realized for OMA scheme. This allows the users with the better channel, r th user to contribute more towards increasing the sum-rate of the system.
The distinctive channel conditions of the two users and high SNR collectively exploit NOMA for better gains. The proposed altitude optimization further enhances this remarkable feature of NOMA. As depicted in Fig. 9 , this unique feature of NOMA, in contrast to OMA, allows expanding the coverage area without sacrificing achievable sum-rates substantially. The investigated effect of three sub-6 GHz carrier frequencies on the performance of the proposed scheme is illustrated in Fig. 10 . The results are computed using the free-space path loss formula 20 log( 4πf cX j c ) in (7), where c is the speed of light [7] . The values of ( LOS , NLOS ) for dense-urban environment are taken as (1, 20), (1.6, 23), and (1.8, 26 ) for 700 MHz, 2 GHz, and 5.8 GHz carrier frequencies (f c ), respectively [23] . The results highlight the dependency of the anticipated performance gains of NOMA over OMA in terms of the achievable sum-rate on the selection of the carrier frequency. According to the findings, NOMA's sum-rate gain over OMA is a decreasing function of the carrier frequency.
The demonstrated NOMA's rate gains against OMA can be translated into wider coverage as manifested in Fig. 11 . The performance of coverage maximization method for NOMA assisted UAV communication system presented in Section V is studied for a single minimum QoS as well as multiple QoS thresholds. The red disk area in the Fig. 11 represents a maximum coverage radius of 500 m for OMA UAV communication system, where 1.2155 bps/Hz and 1.0737 bps/Hz are the maximum rates for the user at the cell-center and the cell-edge, respectively. Considering these maximum possible rates for the two users as constraints, NOMA is capable of guaranteeing a coverage expansion by 22.50 % (blue disk) over OMA.
The multiple QoS scheme provides a fair benchmark for the analysis between the OMA and NOMA. However, it is worthy to highlight that the maximum possible coverage of UAV communication systems is conventionally designed assuming a user as having data rates greater or equal to a single minimum QoS threshold in the literature [6] , [20] . Following a similar approach, the proposed scheme enables the coverage area to be enhanced by a total of 30.31 % (green disk) over OMA (red disk) assuming a minimum limit of 1.0737 bps/Hz for all users. Thus, depicting a significant advantage of NOMA over OMA.
VII. CONCLUSION
This paper investigated an account of NOMA's applicability for UAV-assisted communication systems. The crucial need to transmit more bits per joule inspired the proposed scheme for sum-rate maximization with reduced energy consumption. Taken together, presented results manifests that NOMA performs better than OMA while fulfilling individual userrate constraint for both users. In addition to the spectral efficiency, the reduction in the UAV altitude as compared to OMA brings in the most needed energy efficiency for the proposed scheme. A useful feature of our proposed scheme allows the expansion of the coverage region without incurring substantial loss of the sum-rate. This feature is of most importance for dense-urban catastrophic situations providing coverage to larger areas utilizing fewer UAVs. Moreover, the scheme provides flexibility for precise UAV altitude adjustment at the expense of reduced sum-rate, as a consequence of the range of possible altitudes for which the individual user-rate constraint can be satisfied. It is also noted that the employment of lower carrier frequency leads to better NOMA's sum-rate gain. In the future, power allocation scheme for both multi-cell and multi-UAV communication scenarios can be formulated along with the study of userpairing algorithms.
